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Abstract The prevalence of Salmonella contamination was assessed at five points in a Canadian
pork slaughter plant. In the cooler only 0.5% (2/429) carcasses were positive, even though
Salmonella were detected in 51.3% of all cecal samples and in the cecum of at least one pig in
91.5% (43/47) lots tested. Hogs held overnight in lairage were significantly more likely to have posi-
tive cecal samples. Salmonella was isolated at least once from the truck, holding pen or cecum of
hogs from all 31 producers. Four serotypes comprised 70.3% of 299 isolates: Bovismorbificans,
Derby, Brandenburg and Agona. PFGE showed several Salmonella strains were identical between
fecal samples and carcass swabs. Many strains were different, suggesting resident bacteria or
cross contamination during processing may be important in this plant. Processing interventions
appear to be successfully minimizing carcass contamination in this plant.
Introduction Salmonella is considered the most important food-borne pathogen from pork.
Markets are requiring evidence of Salmonella control both during the production of hogs as well
as pork processing. The epidemiology of Salmonella contamination is complex and not well under-
stood. Determining the baseline prevalence of Salmonella at several steps in the pork production
chain is a first step in developing a control program.
Rates of Salmonella contamination on pork carcasses have been shown to vary widely
between individual plants in Canada (Quessy et al., 2004). Differences in infection status of
incoming hogs and different procedures in each plant play a role in carcass contamination rates.
It has been reported that essentially all Salmonella spp. on pork carcasses leaving the kill floor in
a slaughter plant arrive in or on the pig (Berends et al., 1997). Hogs from some farms may be
chronically infected with high levels of Salmonella spp, while others may rarely be infected (Rajic
et al., 2001, Berends et al., 1996). There is a reported positive correlation between the number of
animals that carry Salmonella spp. in their feces and the number of contaminated carcasses
(Morgan et al., 1987). Cross contamination and infection of animals can occur during lairage, mak-
ing the relationship between on-farm infection status and carcass contamination less clear.
Negative hogs can become infected with Salmonella within a few hours in a contaminated lairage
pen. Increasing lairage time has been reported to increase infection and carcass contamination
rates (Hurd et al., 2001, Morgan et al., 1997)
Lairage and transport have been identified as interventionpoints where carcass contamination
rates can be easily reduced (Hurd et al., 2002, Berends et al., 1996). Some authors indicate that
the most cost effective place to intervene may be during processing (Berends et al., 1996). On-
farm controls have also been suggested as effective. In order to identify effective intervention
points, the sources of contamination must be identified. Pulsed-field gel electrophoresis (PFGE) is
one method that may be used to determine genetic relatedness of strains and sources of con-
tamination.
The objectives of this study were to determine the prevalence of Salmonella at five steps in the
production chain (truck, lairage pen, cecum, carcass before evisceration, carcass in cooler); to
describe Salmonella serovar diversity and relatedness at each step; and to identify risk factors for
contamination. This processor would like to determine which steps are the most effective in con-
trolling carcass contamination, and whether to focus control efforts on the farm or at the plant.
Materials and Methods Hogs were purposively selected to represent the entire slaughter popu-
lation based on farm of origin, duration of lairage (length of time the hog is rested before slaugh-
ter), lot size, and time of slaughter. A lot was defined as a group of hogs from one farm that were
shipped together. Nine hogs were systematically selected from each targeted lot. Lots were not
mixed during transport, lairage or processing. 
Sampling was done over three different seasons. Samples consisted of fecal samples from
the truck (TF) and holding pens after lairage (HP), cecal contents (CS); and carcass swabs before
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evisceration (BE) and in the chilling cooler (CL). TF and HP samples consisted of 5 individual drop-
pings combined into one 25 g  sample. The side of the carcass swabbed was alternated between
animals. Carcasses were swabbed following the USDA protocol (USDA, 1996) with one modifica-
tion; the order of swabbing was belly, jowls then ham.  
Samples were transported in coolers and tested the following day. The entire swab or 10 g
fecal/cecal material was enriched in buffered peptone water for 24 hours. 1 mL of this broth was
transferred to tetrathionate broth (TB) and 0.1 mL to Rappaport-Vassiliadis (RVB) broth. The TB was
incubated at 35 °C and RV at 42 °C for 24 hours. 150 µL of TB and RVB were combined and
screened for Salmonella with real-time PCR (R-PCR). R-PCR positive samples were culturally con-
firmed and three isolates per sample were frozen. One isolate from each CS sample and all three
isolates from CL, BE, TF and HP samples were analyzed by pulsed-field gel electrophoresis (PFGE).
PFGE was performed using the PulseNet method (CDC, Atlanta, GA). Representative strains from
each PFGE profile were sent to the Public Health Agency of Canada laboratory for serotyping.
Results Samples were taken from 47 different lots representing 31 different farms. Salmonella
was isolated at least once from the truck, holding pen or cecum of hogs from all 31 producers.
Thirty-four of the 47 lots tested were held overnight in lairage before slaughter, which is repre-
sentative of the typical kill at this plant where 75% of hogs are held overnight. There were signifi-
cantly more positive fecal samples from the pen floor after lairage (82.9%) than from the truck
floor upon arrival (40.5%) (p<.0001). Lots held overnight were significantly more likely to have
positive pen samples than lots killed the same day as arrival (p<0.5). Lots with positive truck sam-
ples were not more likely to have positive pen samples. Truck samples from five lots were missed
due to lack of feces or poor communication with receiving staff. Lots held overnight had a signifi-
cantly higher prevalence of Salmonella in the cecum and on the carcass before evisceration.
Salmonella spp. were detected in the cecum of 53.3% of hogs and in at least one pig in 43
out of 47 lots (91.5%). Salmonella spp. were detected on at least one carcass before evisceration
in 25 out of 47 lots (53.2%).  Lots with a higher prevalence of Salmonella in the cecum were sig-
nificantly more likely to have a higher prevalence on the carcass before evisceration. The number
of positive carcasses swabbed on the left side was higher than the number swabbed on the right
side, but this was not statistically significant (p<10%).
In the cooler only two (0.5%) carcasses were positive. Both of these carcasses had the same
serotype of Salmonella isolated from their respective cecal samples (Brandenburg and
Bovismorbificans).  Only one of these carcasses was also positive before evisceration and PFGE
determined that the strain was the same in all 3 samples (100% homology).  Although the
serotype was the same in the carcass and cecum of the other hog, PFGE determined they were
different strains (80% homology). 
Four serotypes made up 70.3% of the 299 isolates serotyped: Bovismorbificans, Derby,
Brandenburg and Agona. S. Typhimuirum var copenhagen made up 7.3 % of isolates. S.
Typhimurium var copenhagen was isolated only twice from carcass swabs before evisceration
and not at all in the cooler. On PFGE, Salmonella strains were identical between fecal samples
and carcass swabs in 15 lots. S. Typhimurium var copenhagen was isolated only from 5 of 31
farms, and 3 of these 5 farms sourced breeding stock from the same system. 
Twelve farms were sampled twice, and two farms were sampled three times. The same
serotypes were isolated both times from 8 farms, however only 5 of these farms had repeat
serotypes with the same PFGE profile. One of the farms sampled 3 times had the same serotype
isolated in 2 of the samplings but the PFGE type was different. The other farm had one serotype with
the same PFGE profile isolated from each of the 3 samplings (2 in the same season). There were no
Table 1. Positive Salmonella spp. culture results from five points in a Canadian abattoir.
Date Lot # Truck (feces)
Pen after
Lairage (feces)
Cecal Contents
Swabs Before
Eviseration
Swabs in
Cooler
Sep. 1-15 37% (4/11) 80% (12/15) 65% (93/143) 9.5% (12/142) 0.7% (1/142) 
Feb./Mar. 16-31 31% (5/16) 88% (14/16) 47% (69/144) 13% (18/144) 0.7% (1/143)
May 32-47 53.3% (8/15) 81.3% (13/16) 47.2% (68/144) 11.1% (16/144) 0% (0/144)
Total 47 40.5% (17/42) 82.9% (39/47) 53.3%(230/431) 10.7% (46/430) 0.5% (2/429)
repeat serotypes on 4 farms.
The number of positive samples
did not vary significantly between
the seasons, except the cecal
prevalence rate trended higher in
the September samples. There was
no relationship seen between PFGE
strains and season.
Discussion There was a very low
rate of carcass contamination with
Salmonella in the cooler of this
plant (0.5%) compared to reported
rates from Canada and other coun-
tries (Quessy et al., 2004, Hurd et
al., 2001). In contrast, there was a
relatively high level of Salmonella
infection entering this plant in the
cecum of hogs (53.3% of all hogs
sampled). This suggests that inter-
ventions during processing are likely
very important in achieving low con-
tamination rates in the cooler.
Overnight lairage was associat-
ed with increased Salmonella con-
tamination in the cecum, greater
carcass contamination prior to evis-
ceration, and positive lairage pen
samples. The high rate of overnight
lairage (75% of all hogs killed) at
this plant may contribute to the
high cecal prevalence seen. The
effect of lairageon increased con-
tamination at this plant is consistent
with other reported studies. The
increased infection rate following
lairage has been attributed to acquired
infection from a heavily contaminated envi-
ronment (Hurd et al., 2001). Lots were not
mixed during transport or lairage, and
lairage pens were washed and disinfected between each lot. However, pens were not allowed to
dry after disinfection, concrete floors were grooved and pitted, and hogs were run through com-
mon chutes to the stun area. These factors would allow adequate opportunity for Salmonella to
survive in this barn and be transferred between lots.
Positive truck samples were not associated with positive lairage pen samples or Salmonella
contamination at any other point tested. This suggests that length of time in lairage may be more
important than the Salmonella status of the incoming hog as a risk factor for cecal infection and
carcass contamination in this plant. However, increased sampling on the trucks, during lairage,
and on-farm is needed before drawing conclusions here. Recovery rates of Salmonella may be
lower in the truck and pen samples, as only one pooled pen sample per lot was taken and several
truck samples were missed.
The left side of the carcass was not significantly more likely to be contaminated than the right
side, although there was a numerical trend. Processes such as handling may increase contamina-
tion on one side, thus side of contamination may be useful in detecting processes that contribute
to contamination.
Some Salmonella strains from truck and lairage pen were identical by PFGE to those found on
carcass swabs from the same lot, indicating the source of Salmonella contamination is within the
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Serotype TF HP CS BE CL Total %
Bovismorbificans 4 11 56 16 1 88 23.7
Derby 7 14 48 7 0 76 20.5
Brandenburg 1 9 43 13 1 67 18.0
Agona 2 8 20 0 0 30 8.1
Typhimurium var
copenhagen
3 2 20 2 0 27 7.3
Typhimurium 0 0 1 0 0 1 0.3
Worthington 1 3 10 3 0 17 4.6
Mbandaka 0 2 9 1 0 12 3.2
Rubislaw 1 2 7 1 0 11 3.0
Infantis 1 2 7 0 0 10 2.7
Give 0 1 4 0 0 5 1.4
I:4,12:-:- 0 2 3 0 0 5 1.4
London 0 0 4 0 0 4 1.1
Manhatten 0 1 3 0 0 4 1.1
I:rough-O:i:1,2 0 0 3 0 0 3 0.8
I:rough-O:r:1,5 0 1 1 0 0 2 0.5
California 1 0 0 0 0 1 0.3
Enteritidis 0 0 1 0 0 1 0.3
Uganda 0 0 1 0 0 1 0.3
I:rough-O:1,v:enz 0 0 0 1 0 1 0.3
I:10:-:- 0 0 1 0 0 1 0.3
I:6,7,14:z10:- 0 1 0 0 0 1 0.3
I:4,12:-:enz15 0 0 1 0 0 1 0.3
I:rough-O:-:- 0 0 1 0 0 1 0.3
I:11:r:- 0 1 0 0 0 1 0.3
I:4,12:1,v:- 0 0 1 0 0 1 0.3
Total # of Strains 21 60 245 44 2 372 100
Table 2. Distribution of Salmonella serotypes from five points in a
Canadian abattoir. TF=pooled fecal sample from truck, HP=pooled
fecal sample from holding pen after lairage, CS=cecal sample,
BE=carcass swab before evisceration, CL=carcass swab in cooler
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lot. In 15 lots, the same strain was found both in the cecum and on the carcass. In 32 lots, the
same strains were not found in the cecum and on the carcass, suggesting cross-contamination
from other lots is occurring.  In 6 lots, S. Brandenburg PFGE profile 3 (PP3) was isolated from the
carcass pre-evisceration but not in the cooler, cecal, truck or pen samples suggesting this plant
may have resident Salmonella as a source of contamination.
Prevalance of serotypes found in this study differed from serotypes reported on farm and in
abattoirs in other studies  (Rajic et al., 2005, Bottledorn et al., 2003). S. typhimuirum var copen-
hagen was not found on carcasses in the cooler in this plant, and only made up 7.3 % of isolates.
Farms represented in each study come from different geographical areas, so each population of
pigs may have a different distribution of serotypes.
Serotypes of Salmonella varied when lots from the same herd were repeated. More
serotypes were found after lairage than on the truck. Hogs may be picking up multiple serotypes
from the environment during trucking and lairage and variation in serotypes over time on farm has
been reported (Rajic et al., 2005).
Conclusions The prevalence of Salmonella contamination on carcasses in the cooler of this plant
was very low compared to reported rates from other pork plants, in spite of high prevalence of
Salmonella infection in the cecum of hogs. Although overnight lairage is a significant contributor
to contamination levels, processing interventions appear to be successfully minimizing carcass
contamination in this plant. Cross contamination between hogs and carcasses during processing
appears may be an important source of contamination. Resident Salmonella in this plant may be a
source of S. Brandenburg. Serotype distribution in this plant differed from other reports, especial-
ly with respect to the low prevalence of S. Typhimurium var copenhagen. Each pork plant may
potentially have its own unique distribution of Salmonella serotypes and epidemiology. Practices
to reduce Salmonella contamination on carcasses may therefore need to be individualized to suit
the situation of each plant.
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